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INTRODUCTION
The localization of certain hydrolytic en-
zymes in membrane-limited organelles, termed
lysosomes, has received considerable atten-
tion in recent years. Lysosomes, although
possessing certain characteristic morphologi-
cal features, are pleomorphie, and thus re-
quire definition by the accepted biochemi-
cal and functional criteria (1). The original
concept of the lysosome Was biochemically de-
fined With regard to a number of hydrolytic
enzymes (2). Wcissmann (3) has, however, re-
viewed evidence that any intracellular or-
ganelle bounded by a single unit membrane,
giving a positive reaction for acid phospha-
tase, can be considered as belonging to the
"lysosome group". Several recent publications
havc dealt with the spectrum of the current
research work in progress regarding lysosomcs
(4, 5).
The presence of lysosomes in the cells of
keratinized epithelia has long been in dispute.
These organdIes have now been demonstrated
in human epidermis (6, 7), as well as in the
epidermis of rats (8—12), mice (13, 14) and
amphibians (15, 16). The present investi-
gation attempts to demonstrate clearly at the
ultrastruetural level the presence of mem-
brane-limited acid phosphatase-positive or-
ganelles in certain zones of murine keratinized
epithelia.
METHODS
Eighteen male Swiss albino mice, 2—4 months
old were used in this investigation. Skin samples
were taken from the pinna and also from the upper
surface of the hind foot. Samples of esophageal
epithelium and kidney were obtained from the
same animals. The mice received drinking water
and food od lib prior to sacrifice.
Ten mice were used for preliminary investiga-
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tions of the acid phosphatase activity at the light
microscope level. The remaining 8 animals were
used for the ultrastructural study. All animals
were sacrificed by cervical dislocation.
A. Electron Microscopy:
1. Fixction. 1 mm3 samples of the tissues were
fixed for 4 hours in 625% glutaraldehyde in 0.067
M cacodylate buffer pH IA (17). Fixation was per-
formed at 0—4° C with rotation to ensure con-
stant circulation of fixative with respect to the
tissue block interfaces. Following the aldehyde
fixation, the tissues were washed for 2 days in 0.1
M eacodylate buffer made isotonic with sucrose at
0-4° C.
Fifty micron sections were prepared using a
freezing microtome. The sections were incubated
in Comori medium (18) to demonstrate acid phos-
phatase. Preservation of ultrastructure was inves-
tigated by comparing unincubated 50 micron sec-
tions with both incubated material and 1 mm'
unincubated blocks. In this way alterations in the
ultrastructural detail due to the incubation medium
and also due to the freezing-sectioning was ascer-
tained.
The 50 micron sections incubated in the Gomori
medium were subsequently post-fixed in Palade
Pickle (19) at pH 7.4 for 1½ hours at 0—4° C.
2. Ilistochemical Technique. The Gomori
method (18) for acid phosphatase was utilized with
certain modifications necessary for ultrastructural
preservation. The 50 micron sections were re-
moved from the knife and floated on 0.1 M
cacodylate buffer made isotonic with sucrose for
15—60 minutes. They were subsequently transferred
to the Gomori beta-glycerophosphate substrate
mixture and incubated at 37° C for varying pe-
riods.
The Gomori substrate mixture was prepared at
pH 52 using the precautions to avoid nuclear arte-
factual staining as proposed by Ericsson & Trump(20). The correct timing of incubation for elec-
tron microscopy was obtained from the preliminary
light microscopy investigation. After incubation,
the sections were washed for 1 minute in 0.1 M
acetate buffer pH 5.5 at 0—4° C, followed by a
brief rinse in 2% acetic acid at 0—4° C, and a final
1 minute wash in the acetate buffer.
Control histochemical sections were obtained
as follows:
(a) Incubation in Gomori medium devoid of
the beta-glycerophosphate substrate
(b) Incubation in the complete Comori medium
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with the addition of 0.01 M sodium fluoride
inlubitor.
S. Dehydration and Embedding. Following os-
mieation the sections were washed overaight in the
caeodylate-suerose buffer at 0—4° C. The tissues
were dehydrated and embedded in Araldite, ac-
cording to the procedure previously presented (21).
4. Sectioning and Electron Microscopy. Pale
gold sections cut perpendicular to the epithelial
surface in the case of the keratinized tissues, were
obtained using glass knives and a Porter-Blum
MT2 Ultramicrotome. The thin sections were
mounted on Parlodion coated, copper grids, and
examined in a Siemens Elmiskop I Electron Micro-
scope at SO KeY. Primary observation of the sites
of enzymatic reaction product was accomplished
utilizing unstained material. Subsequent enhance-
ment of contrast was achieved with lead citrate
(22) or aqueous uranyl acetate (23). In all such
cases of contrast enhancement, observations were
performed to ensure that unspecific deposits of the
heavy metals would not be mistaken for the pre-
viously observed acid phosphatase reaction prod-
uct.
B. Light Microscopy:
10—20 micron sections prepared and incubated as
above were subsequently treated with dilute am-
monium sulphide or hydrogen sulphide solutions.
Visualized sites of acid phosphatase activity in
these hydrated sections were observed after mount-
ing in Farrant's medium.
0.5—1 micron sections of the Araldite embedded
material were stained with 1.0% toluidine blue in
1% borax buffer, and observed in the light micro-
scope. These sections were used for correlating the
conventional histological appearance of the mate-
rial with the ultrastructural observations.
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1. Effect of the preparation of frozen sections
and of incubation in Gomori medium on
sdtrastructure
Comparison of control blocks and sections,
with sections prepared for the demonstration
of acid phosphatase activity, showed that ade-
quate preservation of ultrastruetural detail
was maintained in both keratinized tissues
and in the kidney, despite freezing-sectioning
and incubation in an acid medium at 37° C.
2. Cytochemical staining in the kidney
Kidney was chosen as a suitable test tissue
in which to demonstrate lysosomes and hence
the presence or absence of the correct condi-
tions for staining. Under optimal conditions
the sites of acid phosphatase activity appear
as punctate staining with no nuclear artefact
or diffuse cytoplasmic staining. Using the
procedure outlined previously, the discrete lo-
calization of reaction product over mem-
brane-limited bodies couid be produced con-
sistently. These results are in agreement with
the previously reported results of several
workers (24—26).
As pointed out by Pearse (27) and Barka &
Anderson (28), accurate weighing of the quan-
tities of lead nitrate used in the incubation
mixture proved to be essential. In addition,
no incubation medium was used more than 2
hours after filtering and in this way no trace
of nuclear artefactual staining was encoun-
tered. The optimal incubation time for kidney
sections was found by comparison with light
microscope sections. A moderate precipitate of
lead phosphate was obtained over lysosomes
and related organelles in cells of the proximal
convoluted tubule, if the incubation period for
electron microscopy sections was approxi-
mately 34 of that required to give distinct
punctate staining for light microscopy, with
no nuclear artefaet present.
Fig. 1 illustrates the appearance of lysosomes
in cells of the kidney proximal convoluted
tubule after 10—12 minutes incubation. The
enzymatic reaction product appears as electron
dense particles overlying the lysosomal bodies.
Fig. 2 (a—d) shows lysosomal bodies from
the same material, in detail. Incubation times
vary from 8—15 minutes, and correspondingly
there are varying amounts of reaction product
observed over the membrane-limited organdIes.
3. Acid phasphafase activity in keratinized
epithelia
The interfollicular epidermis was examined
for the presence of lysosomes. The epidermal
structure was similar in this case, to that re-
ported by Setiilk (29). Correct localization of
enzyme activity, as demonstrated using the
test sections from the kidney, suggests that a
similarly correct localization might be ex-
pected in the case of other tissues incubated
in the same Gomori medium. Care, however,
must be taken in interpretation since it is
possible, and indeed likely, that both fixation
and histochemical procedures might require
modification for individual tissues. This may
prove to be very important in at least some
portions of the epidermis (see Discussion).
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FIG. 1. Mouse kidney. Portion of a proximal convoluted tubule cell. Incubated for 10
minutes in Gomori's acid phosphatase medium. Lysosome (L), enzymatic reaction product
(r.p.) >< 34,200.
(a) Light microscope sections:
Essentially identical results were observed,
to those previously reported (13—14). Fig. 3
(a—b) illustrates the localization of acid pbos-
phatase activity in 10—20 micron sections
after 15 and 30 minutes incubation. Correct
punetate staining or electron microscopy was
achieved with 20 mins. incubation. The
greatest concentration of reaction product oc-
curred over the stratum granulosum. Staining
in this zone appeared to be of a diffuse nature.
Punetate staining was observed in the stratum
basale and to a limited degree in the stratum
granulosum after 0—15 minutes incubation.
(b) Ultrastructural localization:
Practically similar distribution patterns
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FIG. 2. Mouse kidney. Acid phosphatase-positive organelles in proximal convoluted tu-
bule cells. Incubated at various time intervals in Gomori's acid phosphatase medium. A. 15
minutes X 56,400; B. 12 minutes X 45,120; C. 8 minutes X 33,840; D. 10 minutes X 45,129.
- Indicates the electron-dense enzymatic reaction product inside the lysosome or cyto-
lysome. Myelin figure (m.f.), vesicular inclusion (V).
were observed in both the epidermis and the
epithelium of the esophagus.
1. Stratum corneum and Stratum granulosum
The reaction product bore very little obvious
association to any membrane limited struc-
tures. Identification of such structures was
greatly hindered in the case of the esophageal
epithelium by the presence of numerous kera-
tohyalin granules which were darkly staining
(Fig. 4). It is not possible at present to state
if these granules have any specific concentra-
tions of acid phosphatase.
Occasionally, membrane-limited bodies cor-
responding to the morphological appearance of
lysosomes were observed in cells of the stratum
granulosum and in these cases enzymatic re-
action product was observed in association
with such organelles (Fig. 5). It appeared that
very few demonstrable lysosomes were present
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FIG. 3. Mouse epidermis. 10—20 micron light microscopy sections incubated in Gomori's
medium for acid phosphatase. A. 30 minutes incubation showing diffuse reaction in the gran-
ular layer of the interfollicular epidermis. - Strong reaction at junction of sebaceous gland
and hair follicle >< 285. B. 15 minutes incubation showing diffuse and punctate appearance
in the epidermis near the hair folhcle >< 1160.
in the upper layers of the epitbelia. No euzy-
matie reaction product was observed over
Odland bodies in the granular layer.
2. Stratum ba.sale
Observaticns of unincubated control sections
revealed the presence of a number of "lysosome-
like" organelles, often near the Golgi complex,
in basal keratinocytes (Figs. 6, 7). Daems
(30) applied the principle of examination of
unincubated tissue in comparison with incu-
bated sections in localizing lysosomal acid
phosphatase activity in mouse liver. Granules
with morphological appearance of lysosomes
were demonstrated and showed a similar dis-
tribution to the acid phosphatase posi-
tive granules in the incubated sections.
Although the organelles observed here in
control tissues have the morphological charac-
teristics of lysosomes, they cannot be identified
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Fia. 4. Mouse esophageal epithelium. Junction between the stratum granulosum and
stratum corneum (S.C.). Control unincubated material, showing numerous keratohyalin
granules (k.g.). Mitochondrion (M), ribosomes (r), tonofibrils (t) X 32,000.
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FIG. 5. Mouse epidermis. Portions of cells of the stratum granulosum and stratum cor-
neum (S.C.). Incubated in Gomori's acid phosphatase medium for 15 minutes. Enzymatic
reaction product (r.p.) observed over a lysosome (L). Mitochondrion (M), Odland body
(0), tonofibril (t) X 54,000.
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FIG. 6. Mouse epidermis. Portion of a cell in the stratum basale. Control section, unin-
cubated. — Organelle with morphological appearance of a lysosome. Nucleus (N), tonofila-
ments (t) X 40,000.
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Fie. 7. Mouse esophageal epithelium. Portion of a cell in the stratum basale. Control
sections unincubated. L organelle with morphological appearance of a lysosome. Golgi
complex (G.C.), mitochondrion (M), nucleus (N) >< 30,000.
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Fm. S. Mouse epidermis. Portion of a cell in the stratum basale. 20 minutes incubation
in Gomori's acid phosphatasa medium. Enzymatic reaction product (r.p.) observed over
lysosomes (L). Basement membrane (B.M.), endoplasmic reticulum (ER.), mitochondrion(M), tonofilaments (t) X 45,000.
as such without histochcmical supporting evi-
dence. The presence of these bodies in control
material is, however, significant.
Lysosomcs with a discrete staining reaction
were observed in cells of the basal layer in ap-
proximately the same zone as the bodies ob-
served above. Enzymatic reaction product var-
ied in its concentration according to the
length of incubation in the Gomori medium.
Fig. S. shows lysosomes with associated re-
action product in the cytoplasm of a basal cell.
Lysosomes were also observed in Langerhans
cells in the basal layer (Fig. 9). Some of the
lysosomes with associated enzymatic reaction
product observed, appeared to have no ob-
vious limiting membrane in a number of
sections. This could be ascribed to the plane
of sectioning. A detail of a lysosomal body in
a Langerhans cell is shown in Fig. 10. Mem-
branous inclusions can be seen in some of the
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Fic. 9. Mouse epidermis. Portion of a Langerhans cell. Incubated for 12 minutes in
Gomori's acid phosphatase medium. Enzymatic reaction product (r.p.) observed over a
lysosome (L). Keratinocyte (K), mitochondrion (M), nucleus (N), nuclear membrane(N.M.) x 48,000.
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Fic. 10. Mouse epidermis. Detail of an acid phosphatase-positive organdies in a Langer-
hans cell. Incubated in Comori's acid phosphatase medium for 20 minutes. Lysosomal mem-
brane (L.m.), myehne figure (m.f.), enzymatic reaction product (r.p.) >< 90,000.
acid phospbatase-positive granules, in both
Langerhans cells and in cells of the basal layer
of the epidermis and tbe epithelium of the
esophagus. Since the lysosomes are not very
abundant, even in the basal layers, a large
number of sections had to be examined in
order to make any quantitative estimation of
lysosomal dimensions.
Measurements of the diameter of a large
nnmber of lysosomes are plotted histographi-
eally in Fig. 11. Calculations of the average
diameter of the lysosomes yielded the approxi-
mate figure of 0.28 microns. It would appear
that the lysosomes present in the basal layers
of the skin and esophageal epithelium are
smaller than in mouse liver, i.e. 0.37 microns
average diameter (30) and rat kidney, i.e.
0.5—4 microns (26). Measurements are in prog-
ress to determine an approximate figure for
the numbers of lysosomes/unit area of basal
layer cells.
(c) Histochemical control sections:
No reaction product was observed in any sec-
tion attributable to non-specific absorption of
lead. In addition, the sodium fluoride com-
pletely inhibited the activity of the acid phos-
phatase in both the light and electron micro-
scopic studies. Fig. 12 shows a portion of an
epidermal keratinocyte incubated in Gomori
medium plus inhibitor. The "lysosome-likc"
body present in the cytoplasm shows no re-
action product.
DIscussIoN
The localization of the sites of acid phos-
phatase activity in keratinized epithelia has
been a subject of conflicting reports. It seems
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Fzo. 11. Histogram of the size variation of acid phosphatase-positive organdies (Lyso-
somes) observed in the basal layer of mouse epidermis and esophageal epithelium. Largest
diameter of the granule measured in the case of elipsoid bodies.
well established that the highest demonstrable
concentrations of acid phosphatase are to be
found in association with the granular layer
immediately subjacent to the stratum corneum
(8, 9, 13, 15, 30—40).
Many of the early workers denied the exist-
ence of any punetate localization for the
hydrolytic enzyme in the epidermis (31—34).
Subsequent stndies utilizing electron micros-
copy and combined eytoehemieal methods
also tended to confirm the absence of lysosomes
in human skin (15, 40). In the case of rat and
mouse epidermis the results of histochemieal
investigations were interpreted as demon-
strating the existence of lysosomes in these
tissues (9, 12—14, 41). Similar loealizations
have been shown with both the Gomori lead
phosphate method and the more recently intro-
duced azo dye methods (42).
Recently several reports have been published
demonstrating lysosomes in certain layers of
human skin (6, 7). In addition, lysosomal bod-
ies have been observed in certain pathological
conditions of human skin (43). In this ease
the lysosomes are more abundant than is the
ease with normal tissue. Similarly, lysosomes
have been demonstrated in components of the
skin which are derived from the epidermis
(44, 45).
As regards the human epidermis, it seems
that lysosomes are demonstrably present in
only the basal layer and the spinous layers
adjacent to it (6, 7). The restriction of lyso-
somes to these lower layers is confirmed by
the results of this investigation in the ease
of the epidermis and esophageal epithelium
of the mouse.
Non-lysosomal acid phosphatase activity on
the granular layer seems to be general rule.
In this study very few intact lysosomes were
observed in this zone. The granular layer of
mouse epidermis is, however, not well de-
veloped in the areas of skin that were studied.
Nevertheless, there is a distinct and charac-
teristic granular layer present in the ease of
the esophageal epithelium. In this site, acid
phosphatase activity appeared to be more
associated with nuclei and kcratohyalin. In
both keratinized epithelia, no clear association
between Odland bodies and sites of acid phos-
67
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Fia. 12. Mouse skin. Junction of the stratum basale and the dermis. Control section in-
cubated in Comori's acid phosphatase medium with sodium fluoride inhibitor. L =organelle
with morphological appearance of a lysosome. Basement membrane (B.M.), mitochondrion
(M), nucleus (N), tonofilament (t) V 55,000.
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phatase activity could be determined. Tbis is
at variance with the suggestions of Water-
house et ol. (46).
Work by Tabaehniek et ol. (47) has demon-
strated the difficulty of preparing epidermal
homogenates with a high yield of intact lyso-
somes and they have suggested that this was a
function of the inherent fragility of lysosomes
in keratinizing cells. It might he suggested
that the lysosomes, if they are present in
living epidermal granular layers, have an in-
creased fragility with respect to those in the
basal layer. Further research is required con-
cerning osmotic protection and the use of other
substrates to investigate this possible expla-
nation for the non-lysosomal distribution of
acid phosphatase observed in this zone.
Lysosomes have been demonstrated in Lan-
gerhans cells in various types of epidermis
(48—50). The "storage granule" form (3) of
lysosome was observed in Langerhans cells of
mouse epidermis in this investigation. This
was also the most commonly observed form in
basal keratinoeytes. In addition, occasional
lysosomal bodies of the eytolysome category
(1) were observed in both the Langerhans cells
and in keratinoeytes. Various membranous in-
clusions were observed within the eytolysomes.
It is not possible from this investigation to
state whether these organdIes represent stages
in the digestion of food material taken into
the cells via ingestion phenomena, or stages
in autolysis of cellular organelles. Phagocytosis
of carbon particles (51) and ferritin (7) has
demonstrated that keratinoeytes, especially in
the basal layer, are capable of engulfing par-
ticulate matter from the dermis. Large numbers
of pinoeytotie vesieles have been shown in the
cytoplasm, adjacent to the plasma membrane,
of basal keratinoeytes (7, 51).
It would appear possible that very little
autolysis of cellular organelles within lyso-
somes occurs in the basal layers of keratinized
epithelia. In this ease there is no need of the
replacement of damaged or worn-out subeel-
lular organelles as may be the ease in liver or
kidney. Owing to the constant renewal of cells
in keratinized epithelia, the keratinoeytes
have a limited life span. In this ease, there
would seem to be no requirement for con-
tinuous replacement of integral parts of the
cells.
There are several possible functions for
lysosomes in basal keratinoeytes that may be
tentatively proposed. Firstly, the lysosomes
seem to be involved in the digestion of food
material transported across the basement mem-
brane in tissue fluid from capillaries in the
dermis. This food material is taken into the
cells by various processes, including pinoey-
tosis. Secondly, lysosomes have been shown to
be involved in the events of mitotie division
in certain cell types (52—56). It has been pro-
posed that the close approximation of lyso-
somes to the nuclear membrane at prophase
in these cells may indicate some form of me-
diation in the remodelling processes that ac-
company cell division. Similarly, it is pos-
sible that the presence of lysosomes in cells
of the basal layers of keratinizing epithelia
is indicative of involvement with the mitotie
process which has been shown to occur solely
in this region (57). Thirdly, as the keratino-
cytes are displaced away from the basal layer
by subsequent divisions, the lysosomes are in-
volved in the process of keratinization. The
extensive lysis of eytoplasmie components that
accompanies keratinization and reaches a max-
imum in the granular layer could well be due
to release of the lysosomal hydrolytic enzyme
at this stage.
Further investigation is required concern-
ing lysosomes and their association with the
dramatic changes occurring in keratinization
in the granular layers. Research in progress is
designed to investigate the tentative sugges-
tions regarding function as proposed in this
report. An alternative method of histoehemi-
eally demonstrating the acid phosphatase ac-
tivity (58) may prove important. In addition,
investigations of other lysosomal hydrolases
such as aryl sulphatase and non-specific ester-
ase are in progress. Recent publication of eyto-
chemical methods for demonstrating these en-
zymes at the ultrastruetural level (59, 60) may
provide the means by which important infor-
mation concerning lysosomal enzymes in kera-
tinizing epithelia may be forthcoming.
5UMMAaY
The sites of acid phosphatase activity were
examined in the epidermis and esophageal
epithelium of the mouse, using combined eyto-
chemistry and electron microscopy. Discrete
196 THE JOUENAL OF INVESTIGATIVE DEHMATOLOGY
punctate staining by means of the Gomori
acid phosphatase method was obtained in the
basal layers of both keratinized epithelia and
also in the control tissue employed, i c. kidney
proximal convoluted tubules.
Very few observations of membrane-asso-
ciated acid phosphatase activity were made
over cells in the granular and cornified layers.
The localization of acid phosphatase in these
zones appeared to be largely diffuse.
Evidence to support the postulated role of
acid phosphatase in degenerative changes oc-
curring in the upper layers of keratinized
epithelia was discussed.
Involvement of lysosomes with phagocytotie
activity and mitosis in the basal layers of the
epithelia was also discussed.
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